Claims 



[d ] i . a cooling gas ventilation circuit for an end winding of a rotary machine 

having a rotor, a plurality of radial slots provided in said rotor, and a plurality of 
coils respectively seated in said radial slots, said coils each comprising a 
plurality of radially stacked turns, said coils extending beyond a pole face of the 
rotor to form an end winding, cavities being defined between adjacent pairs of 
said coils, said ventilation circuit comprising: 

a cooling gas passage defined in at least one turn of each said coil of said end 
winding, said cooling gas passage extending from an inlet port in 
communication with the cavity on one longitudinal side of said turn to one of (1 ) 
a radial chimney defined through a plurality of the turns of the coil within said 
respective radial slot and (2) an exit port defined on the other longitudinal side 

. A of said turn, said cooling gas passage extending along at least a portion of the 

Q longitudinal extent of said turn; and 

wherein at least a portion of a surface of said cooling gas passage is knurled so 

W as to have a non-planar surface profile for enhanced heat transfer. 



M 



[ C 2] 2. A cooling gas ventilation circuit according to claim 1 , wherein said passage 

n comprises a groove that is generally V-shaped in vertical cross-section. 

a 

fjij [ C 3] 3. a cooling gas ventilation circuit according to claim 1 , wherein said knurled 



o 
pi 



surface comprises a plurality of ribs. 



[ C 4] 4. a cooling gas ventilation circuit according to claim 3, wherein said ribs are 

generally V-shaped having an apex and first and second legs, each said leg 
being defined at an angle with respect to a cooling gas flow direction. 

[ C 5] 5. a cooling gas ventilation circuit according to claim 4, wherein said angle is 

between about 45 ° and 90 ° . 

[ C 6] 6. A cooling gas ventilation circuit according to claim 1 , wherein said knurled 

surface comprises a dimpled surface. 

[ C 7] 7. A cooling gas ventilation circuit according to claim 6, wherein said dimples 

are substantially hemispherically shaped. 
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[c8] 8. A cooling gas ventilation circuit according to claim 6, wherein said dimples 

are teardrop shaped, having a rounded end and a pointed end, said pointed end 
being the downstream end of the dimple with respect to a flow direction of said 
cooling air. 

[c9] 9. A cooling gas ventilation circuit according to claim 1 , wherein said passage is 

non-linearly disposed along said turn of said coil. 

[cl 0] 1 0. A cooling gas ventilation circuit according to claim 9, wherein said passage 

defines a wavy cooling path along a direction of cooling gas flow. 

[ell] 1 1 . A cooling gas ventilation circuit according to claim 1 0, wherein walls of said 

passage are sine wave shaped. 

[cl 2] 1 2. A cooling gas ventilation circuit according to claim 1 1 , wherein said wave 

Q shaped walls define a groove of substantially constant width. 

Q 

j^! [cl 3] 1 3. The cooling gas ventilation circuit of claim 1 , wherein said inlet port of said 

S! cooling passage is inclined to the respective turn longitudinal side face. 

SI 

^ [cl 4] 1 4. The cooling gas ventilation circuit of claim 1 , wherein said cooling passage 

Q comprises a groove defined in a radially facing surface of said turn. 

Ifl ■ 

[cl 5] 1 5. The cooling gas ventilation circuit of claim 14, wherein said groove is 

defined in the radially upper face of said turn. 



ni 



[cl 6] 1 6. A cooling gas ventilation circuit for an end winding of a rotary machine 

having a rotor, a plurality of radial slots provided in said rotor, and a plurality of 
coils respectively seated in said radial slots, said coils each comprising a 
plurality of radially stacked turns, said coils extending beyond a pole face of the 
rotor to form an end winding, cavities being defined between adjacent pairs of 
said coils, said ventilation circuit comprising: 

a cooling gas passage defined in at least one turn of each said coil of said end 
winding, said cooling gas passage extending from an inlet port in 
communication with the cavity on one longitudinal side of said turn to one of (1 ) 
a radial chimney defined through a plurality of the turns of the coil within said 
respective radial slot and (2) an exit port defined on the other longitudinal side 
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of said turn, said cooling gas passage extending along at least a portion of the 
longitudinal extent of said turn; and 

wherein at least a portion of said cooling gas passage defines a wavy cooling 
path along a direction of cooling gas flow for enhanced heat transfer. 

[cl 7] 1 7. A cooling gas ventilation circuit according to claim 1 6, wherein walls of said 

portion of said passage are sine wave shaped. 

[cl 8] 1 8. A cooling gas ventilation circuit according to claim 1 6, wherein walls of said 

wavy cooling path are of substantially constant width. 

[cl 9] 1 9. A cooling gas ventilation circuit according to claim 1 6, wherein at least a 

portion of a surface of said cooling gas passage is knurled so as to define a 
plurality of ribs for enhanced heat transfer. 

M* 

□ [c20] 20. A cooling gas ventilation circuit according to claim 1 9, wherein said ribs are 

Q 

generally V-shaped having an apex and first and second legs, said legs being 

W disposed downstream of said apex with respect to a cooling gas flow direction 

SI 

\] and being disposed at an angle with respect to a cooling gas flow direction. 

B [c21] 21 . A cooling gas ventilation circuit according to claim 20, wherein said angle is 

Q 

HI between about 45 ° and 90 ° . 

k 

if ^ 22 j 22 A coo | jng gas ventilation circuit according to claim 1 6, wherein at least a 

0 

fy portion of a surface of said cooling gas passage knurled so as to define a 

plurality of dimples for enhanced heat transfer. 

[c23] 23. A cooling gas ventilation circuit according to claim 22, wherein said dimples 

are substantially hemispherically shaped. 

[c24] 24. A cooling gas ventilation circuit according to claim 22, wherein said dimples 

are teardrop shaped having a rounded end and a pointed end, said pointed end 
being the downstream end of the dimple with respect to a flow direction of said 
cooling air. 

[c25] 25. The cooling gas ventilation circuit of claim 16, wherein said cooling passage 

comprises a groove defined in a radially upper surface of said turn. 
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[c26] 26. A rotary machine comprising a rotor, a plurality of radial slots provided in 

said rotor, a plurality of coils respectively seated in said radial slots, said coils 
each comprising a plurality of radially stacked turns, said coils extending 
beyond a pole face of the rotor to form an end winding, cavities being defined 
between adjacent pairs of said coils, and a cooling gas passage defined in at 
least one turn of each said coil of said end winding, said cooling gas passage 
extending from an inlet port in communication with the cavity on one 
longitudinal side of said turn to one of (1) a radial chimney defined through a 
plurality of the turns of the coil within said respective radial slot and (2) an exit 
port defined on the other longitudinal side of said turn, said cooling gas 
passage extending along at least a portion of the longitudinal extent of said 
turn; 

wherein at least a portion of a surface of said cooling gas passage is knurled to 
q define at least one of ribs and dimples for enhanced heat transfer, and 

5 wherein at least a portion of said cooling gas passage defines an undulating 

m 

yj path for coolant flow for enhanced heat transfer. 



m 
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